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¥hia  r«port  pr«sent<«  % suanarjr  of  tho  riisults  of  prolinlnary 
design  slpdies  of  power  plagat  configuretions  for  the  HX-1660  helloopter 
,rotbr  systen*  * 

' ^ On  the  bsflis  of  performsnoe  analysis,  design  layouts , weight 
analysis,  stress  analysis,  as  well  as  prelinlnary  static  test  results,  a 
power  plant  configuration  consisting  of  four  12  inch  noodnal  diamter 
ducted  pulse-jet  engines  located  at  the  tip  of  each  rotor  hlade  is  con- 
sidered to  be  capable  of  supplying  the  power  required.  This  configuration 
Is  indicated  to  achiere  a niniiBum  specific  fuel  consumption  of  4*0  and  a 
significant  degree  of  noise  reduction  effectiveness. 

Results  of  a prelininafy  analysis  of  thrust  augmentation  by  moans 
of  either  fuel  additives  or  afterburning  indicate  that  significant  improve- 
ments in  power  plant  performance  might  be  expected  with  such  augmentation. 

It  is  shorn  that  the  close  inter-relation  among  tip  mounted  power 
plant  configuration,  rotor  structural  and  power  requirement  characteristics 
and  the  airframe  and  power  control  systems  make  it  mandatory  that  extremely 
close  coordination  and  flexible  design  liaison  be  maintained  during  the 
deslffi  of  these  components  in  order  to  obtain  the  most-satisfactory,  best- 
integrated  end  product  ~ the  jet  propelled  rotor  system. 

Recommendations  for  future  power  plant  development  work  are 
also  presented. 


> , This  rtport  presents  a suinmary  of  the  results  of  power  plant  , 

prelii&inar7  design  studies  aceosipllshed  in  accordance  idth  IteilMi  l.X.6> 
l,3Jo  and  1.5.0  of  &chiblt  "A"  of  U.  3.  Air  Forces . Contract  Fc.  AF  33 
(600)-15613.  This  contract  covers  the  development  of  the  Project  XXX1660 
helicopter  rotor  fqrstea  including  the  rotor  tip-mounted  power  plants* 

In  addition  to  the  results  of  the  preliminary  design  Studies* 

14iis  report  also  presents  recommendations  for  future  power  plant  developr 
nept  programs  required  to  develop  the  engines  suitable  for  this  rotor  system. 


• > (Itiigit  ooi»ld«rfttloiiii  of  tho  i^i^tor;  blodof  for  Pro  jodt 

llt-l$60  rotor  tjOtm,  plot  ongino  straoWol  llBltotiooti  oitobllohod  tho 
foUool^  rotor  tip-^mtid  tngiao  doil^  eoBdltlonot. 

Botor  Udiw  42«5  ft*  (to  eontorliao  of  po«or  pUat) 

ftotor  Tip  yolocitf  - 500  ft/ooe. 

' . pp,  of  Rotor-  ••  4 

Totol  iBgiAO  lot  Thrust  Bsquirod  - 2700  lb  (ot  soo  iorol) 

Soiliio  lot  Thruot  Bsquirod  - 675  lb  por  rotor  blado* 

Othor  pbwor  plsat  roqoiroamts  sro  wsirlono  thrust  p^  unit  frontal 
orosj.  lilninmi  uoighti  ntniiwinB  spoelfle  fdsl  .eonsvaptlon  and  ainiinoi  cold 
'drag*. 

Tho  past  appUoatlon  .of  rotaxy  idng  ttpHsouatod  pulso^  jot  ongtnoa 
to  hollo^tor  rotor  s]^tSR  propulsion  has  boon  for  iisxiana  pouor  roqulro- 
■snts  of  approKiaatolj  70  lb.  por  rotor  blsdo  at  325  ft/soo.  tip  spood 
and  as  a rosult  it  has  boon  praetioablo  to  utiliss  slnglo  sngino  opnfi- 
guratlons*  Tho  rolatirolx  high  power  re qui resent  of  this  xhtor  ajrstaa 
would  reqplro  single  sngifios  of  sppradisatelj  25  Ineh  dlsastor  iddoh  is 
boliotod  to  bo  too  largo  to  be  praetieabls ; that  is,  tho  oagino  diaaotor 
would  bo  so  largo  that  high  taaperature  areas  of  the  ongino  would  approach 
"flat  plates**  %Moh  would  bo  rulnerablo  to  flat  plate  buoUing  failures  at 
tho  *g**  leadings  ii^MSod  by  operation  at  the  tip  of  the  rotor  blades.  In 
addition,  oron  though  ths  loo^V^o>o<^*>’  ratio  of  sush  a slnglo  oagino 
sight  be  sistlar  to  that  of  tipHoounted  engines  prosontlj  used,  tho 
absolute  length  of  suoh  an  engine  would  be  prohibitiTe  in  this  appUoationj 
thoroforo,  .it  is  dosaod  sdTisable  to  power  each  blado  of  tho  MK-1^  rotor 
STStoa  with  sore  than  one  pulse- jet  engine.  In  wiow  of  ths  foregoing  e<m- 
sidoratioos  it  is  os^laatod  that  tho  diasster  of  the  onginos  should  not 
oxeood  a dissnsion  in  the  order  of  12  inohes. 

By  Tirtuo  of  the  large  radius  of  tho  rotor  blades  for  this  rotor 
systes,  ths  design  tip  speed  nay  be  increased  considerably  OTor  that  used 
in  the  prerious,  snail  capacity,  rotor  aystess  and  at  ths  sane  tliss  the 
engines  will  bo  subjeotod  to  relatirely  low  centrifugal  loadings,  as  pro- 
Tiously  aantionsd.  Ths  resulting  practicable  tip  spos4s  is  estiiuited  to 
be  on  the  order  of  500  ft/sec. 

Test  data,  recently  obtained,  indicates  that  the  basic  pulse- 
jet  engines  presently  retain  good  perforaanoe  charaeterlstlos  at  speeds 
vip  to  and  including  500  ft/sec.;  however,  at  tip  apeeda  in  excess  of 
500  ft/seo.,  the  results  of  the  theoretical  analysis  of  Beferences  1 and 
2 have  indicated  that  perfoxuance  over  and  above  that  of  the  basic  pulse- 
jet  engine  usy  be  realised  by  enclosing  the  basic  pulse- jet  engine(s)  in 
a duct  incorporating  an  inlet  diffuser  and  exhaust  nostle 


A A ^ P f| 


C 7 R A R 


yi  ' 'V  'r" . 


^ ■ It  wllX  W $actH»6Xy  ia|>s>rtant  diiriwg  the  detail  design  of  thie, 

- ^ Mith  aay  ofctoer  jet  hrop«ll«d  helioopter  totor  syeteia  that  the  , 

w>tdr,  powep  plants  and  conti^ol  eyeteiaa  bo  carefully 
Md  ^cloaely  eo^iltaied*  Increafee  in  poir*r.  plant -Wig^ht  caih  affect  the 
< poner  requireiftftpta  and^  .ftonvepaely,  any  change  in  the 

affect  the  ^?izV  and  power  requiPeaente  of  the  power 
‘•piiihtei  Xii  bra#i*: 'thet  the  '.best-inv-rgrated,  cptlnuB  rotor 'Systea  be  pro-  ^ , 

; '•■‘dutefhl*  thie  liaison  cannot  be  'over-eaphael*^,' 

„ ; ' the  fpregbing  reasons  it  is  b»*lieyed  that  an  arfangeaent  of 

; duqt^ji  pulse- Jet  engines 'x$  pccsntialiy  best  suited  to  power 

the  >Qt-^l660  helicopter  rotox*  sys.  em..  The  shalyeis  and  test  results  in 
the  subse^nt  sections  of  thi'i  report , arc  V^'  ^nted  to  substantiate 
quantitatively  this  conclusion  which  has  Wen  aTived  at  qualitatively. 


’’erfrrrcanoe  Characteristics 


As  mentioned , above,  the  analysis  of  References  1 and  2 have  in- 
dicated that  the  ducted  puise-,io’r  engine  will  provide  performance  superior 
to  that  of  the  basic  pulse- Jet  engine  -it  speeds  of  500  ft/sec,  and  above. 
It  is  necessary,  however,  to  convert  these  peci'orrr.ance  calculations  to 
actual  values  of  engine  perfomaa''.e  on  the  basi*  ' of  existing  rotary  wing 
tip-4B0unted  pulae-Jet  engine  performance. 

The  eocperiiiRental  whirl  test  da’.a  presented  in  Figure  1 shoir  <> 
that  an  unducted  7.5-lnch  diarv't.r  r- -Ive -jet  engine  will  produce  a maxi- 
muB  soec'ific  thrust  (based  upon  irjutin.i’i  ross  sectional  area  and 

net  thrust)  of  35.5  Ib/M.l  sq  *-n_  - 0 Vr/ro,  in.  at  a tip  velocity 
Of  500  ft/sec. 

The  data  in  Figure  2 indicate  that  engines  of  approximately 
12  Inches  diameter  will  produce  a cpecillc  tnnst-  which  is  approximately 
26  percent  greater  than  the- smaller  -izt-  (7  5‘in'h  diameter)  engines. 
Application  of  this  scale-up  fa-t-'-r  yielc?  a specific  thrust  of  0.81  x 
1.26  *1.02  ib/sq,  inch. 

It  is  anticipated  that  ^.;r•'her  C'-mpcnent  and  applied  development 
of  the  basic  pulse-jet  engine  will  (can=erv-5,iiTaly)  improve  the  thrust 
performance  by  an  amount  in  the  order  of  ipprcximacely  15  percent}  there- 
forej  a Specific  thrust  of  l.C'l  x i„o  - 1.^8  may  be  expected  from  the 
basic,  unducted  pulse- Jet  engine,  . 

, The  results  of  the  theoier-i:  a.’  analysis  of  ducted  pulse- jet 
engine  performance,  shown  in  Figure  Refer nee  2,  'indicate  that 

^uch  a configuration  will  provic:-  a If.  perc'^ni  nr.p.rovement  in  performance 
over  and  above  that  of  the  basi-  engui.^v*.! , nneru'ere,  ducting  of  the 
basic  erigine(s)  ’would  provide  a -.•r.*- • if i;  •chrj’st  of  1.18  x 1„?l5  * 1.36 
Ib/sq/  inch. 


. . 3 *hdwa  the  varUtion  in  specific  thrust  idth  tip  speed 

for  the  aueted  engine*  Ihis  perfornumoe  is  based  upon  the  anai^ia  of 
.Befer«nQe^2«  ' ' ', 


PnotioeX  lijRltAtione,  pXue  test  results,  desoribed  In  a au^ 
•Oquent  eedti«n  of  this  .report  indicate  that  four  basic  pttlse->jet  engines 
per  rotor  blade  ehov^^  be  used,  the  thrust  of  each  of  the  baoic  pnlse^ 
Jet ''englaes/iioi]^  therefo^re 'bej.  . . 

V 270Q/4  X 4- l^i7  lbs. 


tbe  aise  of  the  baeie  ducted  pulse*. jet' er^ine(s.)  will  then  be: 

l6d*7/l3^  >^  124.  sqi  trieh  *12.4  inch  dlaeieter. 


Therefbrei  an  asdeably  of  four  .12.6  inch  dieneter  ducted'  oulse^Jet  engines 
per  lotor.  blade  «dll  be  required  to  power  the  Ml- 1660  helicopter  rotor 

•paten*'’ 


The  theoretical  analysis  of  ducted  pulse- jet  engine  perfonsuuitee 
as  presented  in  References  1 and  2 Indicates  specific  fuel  oonsuaptlon 
Taluee  of  frcm  2,5  to  3*<i>at  550  .ft/seOo  These  values  are^eliered  to  be 
nore  optinietie  then  should  be  used  in  conjunction  with  the  eoneervative 
thrust  perfomanee  arrived  at  by  the  foregoing  analysis.  Instead,  it  is 
believed  nora  realistic  and  consistent  to  assume  that  the  speoifle  thrust 
pprfonaaee  isgtroveaent  as  indicated  above  will  be  achieved  without  a 
change  in  basic  engine  fuel  flow.  Referring  back  to  the  basic  engine 
perfocnanee  as  shown  in  Figure  1,  the  peak  thrust  occurred  at  a fuel  flow 
of  240  Ib/br.  With  the  specific  thrust  performance  of  the  larger,  ducted 
engine  and  this  fuel  flow,  the  estimated  specific  fuel  consumption  (at 
thrust)  is: 

240/44.1  X 1.36  * 4.0  Ib/hr/lb  thrust 


The  part  throttle  specific  fuel  consumption  of  the  ducted  pulse- 
jet  engine  Is  expected  to  vary  in  a manner  similar  to  that  of  an  unducted 
engine.  Such  specific  fuel  cons\miption  variation  is  shown  in  Figure  4* 
This  variation  for  one  cf  the  full  scale  pulse-jet  engines  of  the  ducted 
assembly  In  terms  of  thiust  and -fuel  flow  is  shown  in  Figure  5. 


The  results  of  free  jet  tests  of  an  actual  ducted  pulse- jet 
engine  as  presented  in  Reference  3 indicate  that  this  configuration  will 
have  a cold  drag  coefficient  of  0.36  at  500  ft/ssc„  This  is  somewhat 
higher  than  would  be  desirable.  Very  little  variation  in  the  drag 
coefficient  with  tip  speed  ie  anticipated. 


All  of  the  foregoing  performano. 
standard  sea-level  conditions.  The  thrus 
tqde  can  be  determined  by  multiplying  the 
ai^  desired  altitude  to  the  density, at  se 
level  thrust.  The  specific  fuel  consumpt 
• all  altitude?  „ These  altitude  per formkn:!! 
stantiated  ly  actual  static  sna  whirl  teg 
tude  static  test  data  are  presented  in  Re 


e estimates  are  presented  for 
t performance  at  any  other  alti- 
ratio  of  the  air,  density  at 
a- level  conditions  ty  the  sea- 
ion  IS  essentially, constant  for 
6 .characteristics-  have  been  aub- 
ts  and  the  substantiating  alti- 


ferencs  L, 


3.1.2  of  Thrust  Augaentatlon 

Th«  baftio  ohAfaVteirliitlcs  of  tbe  pulse- poi#»T  plant  «re  aucfe 
ttfat  the  fuel  conaiaiiptlon  occurs  at  or-' very  near  ii>sxiBwip 

tbnist  and  graduBlly  incrsaass  with,  dec wasing  power , (See  Figure  4) . If 
sons  naans  wsi*a  proirddad.to  augment  the  thrust  of  the  bdsle  engines  ih 
brdaf  to  obtain  iha  naxlmtin  power  requirsd  for  the  hovering  celling  con- 
dition, then  the  basie  pulse- ;Je6  engine  aiae  could  be  reduced  and  the 
engines  oould,  be  opei^t^  at  higher  percentages  of  pealc''power  — hertce  at 
better  ralnee.  of  apeclfio  fuel  consumption  upder  cruising  conditions. 

This  would,  in  turn,  increase  the  range  of  the  helicopter, 

per fomance  potential  of  two  possible  methods  of  ducted  pulse- 
jet  engine  thrush  aUtfaentatidn  were  therefcre  investigated  by  means  of  the 
aiislysls  developed  and  discussed  in  Appendix  A and  2 of  Reference  2, 

The  first  method  of  thrust  a*jigmentatlon  considered  was  the 
sddition  of  naghesluB  to  the  ucual  hydrocarbon  fuel.  This  fuel  combi- 
nation would  be  similar  to  that  reported  in,  Reference  5.  3uch  a mag- 
nesiun-hydrocarbon  fuel  conbination  will,  conservatively,  yield  a coia- 
bustlon  temperature  of  4000®  R as  compared  with  3000®  R for  hydrocarbon 
fuel  only.  This  increase  in  pulse- jet  combustion  teaperatures  .would  in- 
crease the  ducted,  engine  thrust  10  percent.  This  performance  iaprovement 
in  terms  of  specific  fuel  consumption  variation  is  indicated  in  Figure  6, 

On  tbs  basis  of  the  additional  pombu&tion  tenperature  alone, 
this  method  of  thrust  augmentation  as  act  spectacular;  however,  it  is 
believed  possible  that,  due  to  che  incandoscsat  particles  and/or  the  higher 
tmaperature,  the  rate  of  burning  ia  the  basic  pulse- Jet  engine  might  be 
'increasM.  This  in  turn  would  result  in  a. very  significant  improvement  in.  • 
engine  perforn^oe.  For  instance,  it  has  b®en  estimated  (Reference  6) 
that  if  the  burning  tims  could  be  decreased  from  ,Q21  sec.  (approx,  value  at 
the  present  time)  to  .014  sec i,  the  thrust  performance- of  a given  engine 
would  be  inersaeed  over  100  percent. 

The  second  method  of  thrust  augmentation  considered  was  that  of 
afterburning  in  the  aft  portion  of  the  duct  of  the.  dUcted  pulse- jet  engine 
combination,  This  condition  would  achieve  maximum  possible  overall  tem- 
perature rise  and  would  effect  an  iMrease  of  approximately  30  percent  in 
ducted  engine  peak  thrust  performance. 

• Figure  6 also  pMserits  the  effect  of  ’■Jhis  method  of  thrust 
augmentation  on  part  throttle  fuel  conp'umpcion  characiteristios  for  the 
condition  ^ere  the  afterburner  is  -used  for  from  80  to  100  percent  of 
power  idille  the  pulse- Jets  are  maintained  at  peak  power.  The 
afterburner  "would  then  be  cut  out  at  below  80  percent  maximum  power  and  the. 
remainder  of  the  -throttling  range  would  be  accomplished  with  the  basic 
pulse-jets. 


Thtt  thm  4uet«d  eonfic^r&tlons  •Ho«n  lA  DiAMtag 

1Imi^19  $K)0504  $jkX>5l  «IM  $30060  Wrf  th*  M 

r ; iii^XIidiMiiy  fim9*  tt  idLXl  ^ not«d«  Utti 

4Q|^«  ilioiiA  lA  tlwM  dwidA^  «r«  l^.O^dBeh  lA  d^iaat^  «•  Atttt  : 

41aiAt<ir  vnlt*  iodlcftt^  nM«»safjr  ilvi  fAMfoljtlll  pArftfnittief 
ioa3i^:U  (vlthottt  thfMt  Av^(BMmt*atipii),  This,  is  dvA  tA.  ths  Tsot  thsh  ^ 

dsslfa  Isjovts  «si*s  lAiti«tsd  prior  to  opoplstlM  of  ihs  Aotor  igrstw 
poMr  rs^j^drsd  luad  mibssj|asni  engine  else  estiastss, . Dus  to  ths  reUtlTs:^ 
silill  <U:ffAr«9es.  la  deenad  prsetloal  st  this  stags  to 

nviss  the  pomr  plant 

, 11)s  .siNLlustt^  of  tbs  x^latlTs  asrlts  of  tbs  thi^.  configurations 

AMSt  takS  .iiito  aooouat  tbs  iafcmation  preasntad  in  subsequent  seetions.  of 
this  report)  therefore,  no  mttentpt  Is  nade  to'aake  a cosip^titp  eyaluation. 

. . in  .this  seotien.  Snob  an  eraluation  is  indicated  in  Section  4. . ( *^anar3r 
I of  Ih^lisdnary  Oewign  Stndj  Desults’**)  . 

. 3. 1.3.1  Dadisl  ■>Cluster'*  Configwation 

the  oonfiguration  shown  in  Drawijag  NO.  530050  arranges  the  four 
pulse- Jet  engines  in  pairs  iMch  are  located  above  and  below.,  the  horisontal 
centerline  of  the  duct.  Since  the  engines  are  located  radially  equidistant  ■ 

' fron  the  longitudinal  axis'  of  the  duct,  this  c(mfig\iration  is  hereinafter 
referred  to  as  the  "radial  configttraticn." 

■ A najor  structural  member  is  located  on  the  horismtal  center^ 
line  of.  the  duct,  this  nenber  contains  the  basic  rotor  tip  attach 
structure  as  well  as  providing  a convenient  point  of  attachment  for  the 
pulse-jet  engines. 

The  cylindrical  duct  cross  section  used  with  this  radial  con- 
figuration of fare  greater  rigidity  with  fewer  reinforcing  nembere  than 
the  other  confLgurationa  considered.  This  in  turn  results  in  a lower 
weight. 

Since  this  radial  configuration  is  aymmstrical  about  the 
horisontal  eenterllne,  it  is  conceivable  that  initial  developswnt  of  this 
full  scale  configuration  could  be  accciqplished  using  one-half  of  a com- 
plete assssbly. 

3. 1,3.2  In-line  Bank  Configuraticn 

The  second  configuration  considered  is  shown  in  Drawing  No, 

530051  and  it  arranges  the  four  pulse- jet  engines  side-by-side  as  close 
together  as  possible  on  the  horizontal  centerline  of  the  ducted  assembly. 

This  oonfiguration  has  been  termed  "In-line."  A perspective  sketch  is 
shown  in  Figure  6A. 


V of  ixv'^Xiiie  eonfifurttloA  eonfifU  of 

« box  ti«a$  itiiM  ttio  rotor  Up  to  tM  for«  and  aft  oagiaa 

ThO  forMufd  onglno  otmetural  mmbar  tiaa.'oaohjpulH^Xd^ 

todotlior  at  iho  Ibrinrd  ond  of  th«  conburtion  chanbar.  ma 
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the  aft  etruetural  Mnber  eupporte  the  pulan-jet  eogtne  tnl3;<^  . 
p4>ee  la  a aumier  eueh  that  they  ere  frbe  to  eKpa»l  longltulinalXgr*  v 
a^  aenber  also  tioa' the  upper  and  lower  aeotlone  of  the  duet  together* 

Siaee  the  duet  portion  of  the  In-l'^e  oonf Iguration  hae  a 
eontlderable  anouat  of  flat  plate  araa^  longitudiaU  neabers,  art  added 
between  the  tpper  and  lower  eurfacee  to  provide  a rigid  asseably. 


the  third  power  plant  configuration  considered  consisted  of  . 
arranging  the  four  pulea»Jete  with  their  axes  parallel  to  the.  spanwise 
axis;  of  the  rotor  blade  e^  submerging  them  in  an  airfoil  section*'  The 
engine’s  tailpipes  are  ducted  into  a eonaton  exhaust  and  this  exhaust  is 
diverted  90^  aft  from  the  rotor  axis.  This  exhaust  duet  is  then  en- 
closed by  a duet  Incorporating  an  inlet  diffuser  and  exhaust  nossle* 

This  configuration  .was  considered  for  the  potentially  low  drag  reeultlng 
from  submerging  the  engines  and  due  to  the  fact, that  the  adverse  effeete 
of  centrifugal  loads  on  the  engine  tubes,  would  be  nlnlnlsed. 

i ■ • . ' • 

Since  the  remits  of  the  90^  exhaust  static  tests » described 
in  section  34 1*6,  were  not  encouraging  and  since  it  was  believed  that  a. 
relatively  large  amount  of  additional  time  and  effort  Would  need  to  be  e 
expended  in  order  to  develop  .this  configuration  due  to  its  departure 
frm' existing  configurations,  the  preliminary  .design  layout  shown  in 
Drawing  Ih.  530060,  was  only  partially  con^leted.  However,  the  basic 
advantages  of  this  configuration  as  described  above,  indicate  that  it 
should  receive  further  oonsideration  in  a longer  range  program  as  a possi- 
ble arrangement  for  rotors  having  extremely  high  tip  speeds. 

3.1.4  Bstiwatarf  Wajght  Characteristics 


Presented  below  are  the  estimated  weights  of  the  radial 
(Drawing  No,  530050)  and  the  in-line  (Drawing  No.  530051)  multiple  ducted 
engine  configurations.  . 


■ '-falW  mui  fii’w  6.00  ' , 

Oowlini;  1.25 

m»l  aad  ilir  Ring  AstemblT^  1.  50  . 

■ ■ tel  Plit#'  . ■ ' .3.60-  . ■• 

' .'..^tmiiltioa'  -W.oo  - • 

’ 1ff%4,lpty  ■ 15.00  ' ' ' 

Tail|>l])i«  3«pp^  ■ 1.75"  ' 

IlilA,.  lk»lt«^  OMkats,  etc.  3.00 

Iteta  IaliTldt»l  ttigln*  52.00  lbs. 

Total  PttU«*j«i  Si«ina  Wblght  • 52.00  x 4 200.00  lbs. 

Ooet  CoHpQfients 

Inlit  CowUx«  8,0 

Canter  Section  Oater  Skin  24.0 

Fed.  Section  Inner  Skin  14.0 

Aft,  Seetim  Inner.  Skin  10.0 

Sxhaiist  Cowling  * 22.0 

Freaea  . 13.0 

Stringers  3.5 

Angles  end  Clips 

Center  Dlriding  Skins  12.0 

Total  Buct  Weight  109.00  lbs. 

Support  Structure 

Main  Tension  Members  13.0 

, Compression  Member  ^ 10,0 

Engine  Tie  Members  6.0 

. g Tension  Tie  3.0 

Total  Support  Structure  Weight  33.00  lbs. 

Total  Power  Plant  Weight  350.00  lbs. 
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moat  Of  iMtUhs,  coHriaiBiTioa 

Pttlii«>J«t  £nKlA«  Coni|>on«nt« 


Bo*  iind  Valves 

, Cowltog  ■ 

Fuel  aud  Air  Bing  Assembly 
■ Ventnri 

• . . • End  Plate  . 

Transition  • 

TailpipS' 

. Tailpipe  3iq»port 

Weld*  Bolts,  Gaskets,  et^. 

Total  Individual  Engine  Weight 

Total  Pulse-Jet  Engine  Weight  * 52.00  x 4 

Duet  Cooponents 

• Inlet  Cowling 
Center  Section  Outer  Skin 
Center  Section  Inner  Skin 
Btchaust  Cowling 
Internal  Stiffeners 
Pairing 

Total  Duet  weight  • . 

Support  Structure 

Duct  to  Blade  Attach  Struoture 
Forward  Epgine  and  Duct  Tension 
Kember 

Aft  Engine  & Duct  Tension  Member 


. 6.0G 
1.25 
•1.50 
i90 
3.60 
19.00 

15.00 
1.75 
3.00 

52.00  Ihs. 


. 208.00  lbs. 


8.0 

23.5 

18.5 

60.5 
6.0 
5.0 


121.00  lbs. 


38.0 

13.0 

12.0 


Total  Support  Structxire  Weight 
Total  Power  Plant  Weight 

A 

3.1.5  Eati mated  St rue  tural  Charac ten  sties 


63.00  lbs, 
392.00  lbs. 


Reference  8 presents  an  analysis  of  the  ducted  pulse- jet  engine 
siqpport  yoke  which  would  be  used  on  eUr.er  of  the  configurations  discussed 
above*  The  engine  is  attached  to  this  yoke  by  means  of  shear  pins.  . The 
engine  structure  consists  of  a built-up  sheet  metal  fraaework  which 
supports  the  engine  shells  in  such  a manner  as  to  permit  them  freedom 
for  longitvidinal  thermal  expansion  and  yet  support  them  against  the  loads 
developed  as  a result  of  centrifugal  force.  The  perspective  cut-away  of 
the  structural  support  of  the  in-line  duct  of  multiple  engines  is  shown 
in  Figure  6a.  The  radial  cluster  configuration,  as  described  above,  has 
a structural  advantage  over  the  in-line  arrangement  in  .that  the  engines' 


and  balow  the*  Mtor  chord  plane  perwit#  a structural  shear  tnember 
to  pasa  botefeen  the  tipper  and  lover  pair  of  engines  and  support  each  engine 
tndlTiduall^  ii»  a mich  wore  efficient  iaanher. 

A wore  detailed  structural  analjrai*  wlH  he  wadr  on  each  con- 
figuration during  the  detail. design  phase.  In  the  prellminaxy  deeign 
phue,  hovererf  only  sufficient  structural  checks  i»ve  been  made,  to  de- 
temine  .the  feaeit>tllt7  of  the  configuration  and  apprcatioate  weights  of 
the  najor  ecoponents* 


i of  Preiimxnary  Statlo  Tesus  » 

In  view  of  the  fact  that  an  arrangement  of  several  engines  per 
rotor  blade  was  deemed  to  be  most  advisable  for  use  in  powering  the 
KC-I66O  rotor  system,  static  tesvd  of  imilt-iple  puise-Jet  engine  confi- 
guraticais  were  conducted  in  order  to  gain  some  insight  into  their  peiv 
fonanoe  oharaeteristlcs.  These  tests  were  conducted  with  numbers  of 
et^(imB  vaxyliig  from  one  through  five.  An  existing  6.75-inch  diameter 
engine  design  was  used  in  these  tests. 

The  engine  control  panel  used  for  these ‘tests  is  shown  in 
Figure  7.  ' 

The  first  phase  of  this  teat  program  was  devoted  to  an  in- 
dividual static  performance  calibration  of  each  of  the  five  6.75-inch 
diameter  pulse- jet  engines*  A typical  engine  calibration  curve  is 
presented  in  Figwe  $.  The  thrust  data  are  presented  in  the  form  of 
thrust  per  unit  frontal  area  of  the  sngine(s)  in  order  that  the  per- 
formance of  the  multi-engine  configurations  may  be  more  directly 
coq;>arable« 

Results  of  initial  tests  of  a dual  engine  configuration  wherein 
the  engines  were  located  as  closely  together  as  possible  indicated  that 
the  engines  synchronised,  that'  is,  the  engines  operated  at, the  same 
frequency  but  their  explosions  were  apart,  and  an  appreciable 

reduction  in  fundamental  frequency  noise  level  was  obtained.  Quantitative 
data  concerning  this  noise  reduction  are  nresented  in  Reference  7o  It 
was  decided-  to  determine  at  what  maximuin  dxstaoioe  the  engines  could  be 
located  with  respect  to  each  other  and  still  retain  synchronized  operation. 
The, results  of  these  tests  showed  that  twe  6, 75" inch  diameter  engines 
maintained  positive  synchronization  at  snacings  up  to  9.0-inches  between 
the  centerlines  of  the  engines.  At  spaexj^s  greater  than  this  the  engines 
sometimes  fired  simultaneously  and  at  other  times  they  syncronized.  There 
was  no  sipiificant  gain  or  loss  in  specific  thrist  with  or  without  syn- 
chronized operation;  however,  as  nrevicusly  mentioned)  the  sound  level  of 
the  engines  was  noticeably  decreased  with  synchronized  operation. 
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. . • , In  irl0^  of  the  foregoing,  the  ba.lanoe  of  the  in-line 

engine  eofiflguret ions,  up  to  the  totil  number  of  5 W Shown  in  figvaf9 
5,  9, and  10,  •wew. tested  with  a spacing  uf  7. 25  inch  between  bh«  center- 
lines  of  the  4S,75~inoh  oeximum  diaj^^  f‘ngir>2  (combustion  ciiuui^r  w^ 

J inoh  apert).  The  results  of  these  tests  are  shewn  in  figures  11  ihropgh 
13  and  qpslitatlire  cwaeentS’comerning  the  various  ooiifisurations  are 
. preSin^  t?«low. . ■ ■ 


2 Ihrline  Engines 


3 In-line  Engines. 


4 In-line  Engines 


5 In-line  Engines 


Rettark's  . , 

Engines  suar ted  easily  and  synchronized  , 
when  fael  flow  was  stabilizSdj  .sound*  level 
relatively  lew,  ■ • .;'•■■■  ‘ 

£.iginei;‘  started  easilyj  non-synchrdnized 
sounding,  out  beard,  engine  appeared -to  nm . 
'•rough -and  sound  level  higher  than  with  2 , 
engines  oynchronizsd,  , 

Engines  apoeared  to  d^chronize  arri 
oporation  was  smooth;  sound  has  a high 
Ditch  toe,  engines  started  easily. 

Engines  started  easily;  engine  operation 
srziceth  v/ith  no  pulsing  noticed;  appeared 
CO  hiave  lower  pitch  than  the  4 engine, 
configuraoion,  .. 


The  test  data  indicate  onat  better  part  throttle  specific  fuel 
consumption  i»  obtained  by  throttling  all  engines  simultaneously  than 
by.  step  throttling  of  individual  engines,  however^  in  no  case  was  the 
specific  fuel  con8unqi>tion  of  multiple  engines  better  than  that  of  the 
basic,  single  engine. 

Figure  14  presents  the  peak  -specific  thrust  variation  as  the 
number  of  engines  was  increased.  This  t.gar?  ^hovs  only  a slight  change 
in  peak  specific  thrust  with  the  change  :^xi  the  .number  of  engines. 

In  view,  of  the  potential  weight  ad’  antages  of.  the  radial  engine 
configuration  described  in  Section  it  was  deemed  advisable  to 

check  the  static  performance  of  such  a ''.cnfiguration.  Four  engines  were 
mounted  with  7.25  inches  between  thsir  hirxzor.tal  centerlines  and  11,75 
inches  between  their  vertical  cen’,erlin‘=>s.  The  data  obtained  from  static 
tests  of  this  configuration  are  presented  in  Figure  15 This  arrangement 
appeared  to’ be  slightly  better  than  its  „n-llne  c oance.rpart  from  .the  stand- 
point of  smoothness  of  operation,  generally  lower' sound  level,  and  a slight 
indication  of  better  overall  threading  iharactenstic. 
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T)»  next  static  tifsts  w«re  keyed  to  the  prellininaTy  deslgii  con-' 
eidfi^etion  bf'the  exhauet  configuration  previously  mentioned  in 
, Seetion  3.1*3.  As  with  the  previcus*  multiple  engine  teste  basic  6,75- 
inch  naitittom  dLasilter  engine?  having  a ncrdnal  etatic  thrust  rating  of 
34^35  pounds  were  need  in  these  tests. 

' ' . ■ ■■'  ' ' • ' ■ ' ' ' ' ■ .*  . '■  ' 
the  static  thrust  vs,,  fuel  flaw  characteristics  of  the  various 
operable  configurations  are  given  in  Figur'-s  16  through  2?  which  are  kSySd 
to  ,tha  configuration- nuaber  assigned  in  the  following  brief  discussion  of 
each . eonf  iguratlont 

■ ■■  " * ■ _ ' ■ . ' ■ 

Configuration  I conaxsted  pf  a single  pulse- jet  engine  having 
a Short  radliui  90°  bend  close  to  the  end  of  the  lailplpe  as  shown  in  Figure 
26.  This  angina  would  not  regona-te..  Failure  to  do  so  waa  probable  due  to 
the  acoustic  irregularities  of  the  small  rradius  bend  in  the  tailpipe. 

This  sharp  bend  could  be  expected  to  cause  sec  onaary  reflected  waves  which 
. are,  not  in  pahse.  with  the  primary  reflected  wave  and  hence,  a resonant 
System  will  not  be  established. 


•o 


I 


f 


Configuration  ll  consisted  of  a single  6.75-inch  diameter  engine 
with  a large  radius  90°  bend,  tn<  •' enterline  of  which  was  located  at  the 
mld--polnt  of  the  tailpipe.  This  configuration  is  shown  in  Figure  27. 

This  engine  was  operable,  but  as  shovrh  in  Figure  l6,  the  thrust  was  low 
and  ths  specific  fuel  consumption  nigh,  .he  noise  level  did  not  sound 
particularly  high.  The  reduced  performance  of  this  configuration  as  cos- 
pared  with  the  conventional  6.75-inch  diameter  engines  could  possibly  be 
explained  by  reasoning  similar  to  that  presented  for  Configuration  I. 


The  fact  that  resonance  was  established  with  ^liis  configuration, 
whereas  it  was  not  with  the  previous  one,  x.s  probably  due  to  the  larger 
bend  radius  and  also  the  longer  straight  sectlcn  after  the  bend.  , Both  of 
these  factors  would  tend  to  reduce  the  interference  effects  of  secondary 
reflections. 


The  family  of  engines  hereinafter  re  f*-"r red  to  as  Configuration 
III  is  characterized  by  two  identical  parallel  6. 75 -inch  diameter  engines 
having  their  tailpipes  directea  into  a common  fc;:rnau£t  duct. 


Configuration  III'-A  consicted  of  dual  engines  having  the  tail- 
pipes directed  into  a short  exhaust  au:t  as  snewn  in  Figure  28r  • This 
configuration  woi’ld  resonate  wnon  eitn-;r  of  the  engines  were  operated 
seoarately.j  however,  it  was  impos?-ibi-  to  r.in  beth  engines  simultaneously. 
The  single  engine  thrust  performar:*: , a«  shown  in  Figure  17,  was  far  below 
that  of  the  basic  conventional  6L7>'in.’  u^araeter  engine  and  resonance 
was  erratic  with  single  ermine  opev^^ior;. 

Configuration  was  very  sciaxlar  to  Configuration  ill-A, 

with  the  exception  that  the  exhaast  was  ex  tended  several  diameters 
as  shown  in  Figure  29,  This  ccnfiguratic-n  resonated  with  one  engine 
operating  as  well  as  with  both  -ngjines  ru.t-v,nK  aiinuxtaheously.  The 
static  nerformance  of  this  conrit-xiati.t.  i"  .a hewn  in  Figures  18,  19  and 
2o.  i^alitatively,  when  one  cn;?ir,':  wa:  • petMtirg  alcr.e,  the  resonant 
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fr^iqjiAttcy  appwurttd  to  bo  approximately  the  as  that  of  jth,o  basic  6,75- 
inch  diaa»t#r  engine;  however,  with  both  engines  operating  ;siriMltanecusly 
the.  operating  frequency  was  lowered  noticeably.  ’ With  slawltaheous . engine 
operation  the  anginea  apparently  fired  simultaneously  with  an  operating 
frequienoy  idhich  It  is  believed  would  correspond  to  an  engine  hating  an 
oter-all  langth  of  the  engine  olus  the  exhaust  tailpipe. 

Confiauration  Ifl^-C  consisted  of  the  long  exl^aust  duot  with  4 
90^  bend  added  at  the  aft  end  as  shown  in  figure  30.  Figures.  21  and  22 
preamt  the  atatie  thrust  performance  of  this  configuration  with  the  engines 
operated  separately  and ‘with  both  engines  operating  simuiltaneouely.  As  is  ; 
shown  in  these  figures  very  low  values  cf.  thrust  were  measured.  In  fact, 
the  oeaeured  naidmiuA  thruat  with  one  engine  operating  ^one  was  approocl- 
mateiy^  equal  to  that  with  both  engines  operating. 

Confighratlon  III-D  consisted  of  the  Components  us<^  "In  Con- 
figuration XIl>C,  except  that  an  exit  nozzle  having  a minimum  area  of 
0.444  times  the  exhaust  duct  area  was  added  at  the  downstream  end  of  the 
asaambly.  It  was  not  possible  to  establish  resonance  with  either  single 
or  the  dual  engines  . 

■ ’ Conflgwatlon  III-E  consisted. of  a short  exhaust  duct  with  a 

900  bend  as  shown  in  Pigxrre  31.  It  was  only  poesible  to  operate  one  engine 
at  a time  with  this  configuration  and  the  resulting  performance  with  each 
of  the  two  engines  Is  'shown  in  Figure  23.- 

Configtrratlon  III-F  was , the  same  and  III-E,  except  that  the 
exhaust  nozzle  froh  Configuration  III-D  was  added  as  shown  in  Figure  32, 

It  was  not  possible  to  obVain  resonant  operation  with  this  configuration. 

Configuration  III-G  consisted  of  the  short  exhault  duct  with  the 
exit  nozzle  previously  used.  Again  it  was  impossible  to  obtain  resonant 
operation  with  this  configuration  which  is  shown  in  Figure  33. 

Configuration  III-H  is  shown  in  Figure  34  and  it  consisted  of 
the  long  exhaust  duct  with  the  abcVe  mentioned  exit  nozzle.  It  was  not 
possible  to  obtain  resonant  operation  with  this  configuration. 

■Configuration  III-I  was  identical  to  Configuration  III-D,  except 
that  the  exit  nozzle  area  was  .increased  to  .70  times  the  area  of  the 
exhaust  duct.  It  was  not  possible  to  obtain  resonant  operation  with  this 
configuration. 

Configuration  III-J  was  the  sanis  as  Configuration  III-I,  except 
that  the  exhaust  nozzle  was  .divergent  with  an  exit- area  of  1.78  times  the 
exhaust  duct  area.  With  this-  configuration,  it 'was  possible  to  operate 
each  pulse- Jet  singularly  and  bc-th  pulse- jets  simultaneously.  The  test  data 
obtained  on  this  configuration  are  shewn  in  Figures  24  and  25. 
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th«  fm^ncy  of  operation  with  both  pulse- Jot  englnos  raaonatlng 
■waa^  nuph  lower  thin  ^th  either  operating  a3.one.  The  two  .engines  apparently 
fljirei  eiinltaneously. 

All  of  the  foregoing  configurations  having  eonVergent  esshaust  ~ 
nosBlea»  failed  to  resonate;  This  is  probably  due  to  the  noazle  restHotion 
adterseljr  affeeting  the  reflected  wave  action  such  that  operation  was  not 
possible;  It  will  alto  be  noted  from  the  test  data  that  in  all  th«  90® 
and  eoasibn  exhaust  oonflguraticne , thrust  performance  was  not  as  high  as 
that  obtained- with  ths  basic,  conventional  pulse- jet  engine. 
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t.  3wwm  » BB8BLB  or  pmncMAro 

. Th#  •RgiM  p«efora^  analysis  presented'  heralQ  Ipdlcataa  that 
* dueifd  ::^onsifating  cf  A-  - 12,6rihch  diantt#!' 

aaginai  ]Mip  rotor  blado  Mill  provld'i  th«  powtr  roqutrod  for  the  HX-1660 
. tMlloositir  rotor  •yatott.  the  specif i<$  fuel  consunptibn  at  waxtiUMi  jpiOMtr 
It  indl'eatad  to  ba  approadjMtely  A..0  Ibs/hr/lb'  of  thrust..  : 

librast  augMntatloh  may  pirovide  a neane  of  Inprdring  the 
eruitjjRg  ranfe  of  a helicopter  powerOd  by  licjiltlple  ducted  pulse> jet  poeer 
plants  sndt'at  the  ssM  tine  reduce  the  size  and  weight  of  the  engine 

asssniblles. 

* . ■ .■ 

The  radiid  nnltiple  du^'t^d  pulse  jet  engine  configuration  has 
« been  liMloated  to  be  lighter  than  tne  in-line  configuration* 

The  pooeibllity  of  adverse  acrcdynamic  effects  resulting  from 
yaned  /low  oonditions  existing  in  forward  flight  on  the  radial  engine  nay  - 
fawor  the  in-line  configuration,  It  is  believed  that  the  nore-nearly 
*tMOHilaenslon#l*  eharactarictics  cf  the  in-line  configuration  will  nake 
it  lass  tensltlTe  to  yawed  flow  in  forward  flight  than  the  r^lal  confi- 
guration. It  is  reeonnended  that  the  configurations  of  both  types  of 
. .eng'aes  be  contlnusd  during  the  •ietail  design  phase. 

. . Prelininary  static'  test -data  indicate  that  the  perfomance  of  the 
rsdial  configuration  is  slightly  better  than  that  of  the  in-line  confi- 
gurations. In  either  case,,  better  noise  control  is  achieved  using 
.•  even  nunbers  of  engines.  Better  part  throttle  fuel  consuag)tion  results 
when  all  of  the  engines  of  an  assembly  are  throttled  simultaneously  as  . 
cosq;>ared  with  the  case  idiere  one.,  or  more,  engines  are  maintained  at 
peak  thrust  and  the  remaining  unit(s)  are  operated  at  “part  throttle. 

The  results  of  static  tests  of  several  90°  exhaust  single  arid 
dual  engine  configurations  were  not  er.couragingo 
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. : It  if  roughly,  that  th«  dovolopiMnt.  offort  rvq^ir^ 

tbt  djlTiAopMait  of  hl<h  power  multiple  duo  tod  p^o*>Jot  powh*  plint 
itiOiroopoo  in  a^proddmoto  proportion  to  the  power  inereiuie  obtained  orer 
profioW  diiro'lopMiiit  eng^  The  amount  of  funds  presently  alloeated  for 
power  plant  derelopoMnt  under  the  present  Oontraet  is  believed  therefore, 
to  rinresent  in  insuff^^  amount  to  completely  develop  and  fabricate 
tbe  finai  poser  units  for  the  test  rotor. 

At  the  present  time  it  is  believed  that  the  greatest  mcertalnty 
in  tbs  perfoxeuinoe  estimation  of  multiple  ducted  pulse- jet  engines  is  in 
evaluating  the  aetual  improvement  in  performance  which  can  be  pibtalned 
through  the  use  of  the  aerodynamic  ducting.  It' is  believed  that  the  great- 
est return  by  way  of  technological  isprOvement  for  a given  amount  of 
funds  availa^e  for  power  pj.ant  development  rmder  the  present  program  can 
ba  obtained  ^ Inveatigatlng  the  effect  of  ducting  on  operative  mi^ele 
apprcocimateiy  one-half  full  else;  This  technique  permits  the  use  of 
eidsting  pulse- jet  engines  in  determining  the  ef fecta  of  the  ducting, 
structural  configuration  and  acoustical  coupling  on  the  engine  parfornsnoe 
before  constructing  tbs  full-scale  power  \mits.  ^ 

It  is  reooasended^  therefore,  that  the  funds  presently  available 
for  the  development  of  power  plants  under,  the  present  contract  be  directed 
towards  obtaining  early  subetMtiation  of  the  theoretical  pules- jet  engine 
performenoe  improvement  obtainable  by  ducting*  In  view  of  the  limited 
funds  avallabls  and  present  whirl  test  facility  limitations,  it  is 
suggested  that  these  development  tests  be  conducted  on  scale  operative 
models  of  approximately  one-half:  full  sise. 

It  should  be  emphasised  that  the  above  reeosmmnded  program 
ijg>lies  that  following  eospletlon  of  development  tests  on  the  scale  model 
ducted  pulse- jet  aseesibly,  there  would  be  no  funds  available  under  the 
present  contract  allocations  for  the  development  either  of  a full-scale 
individual  pulse-jet  engine  or  fabrication  of  the  final  full-scale  ducted 
multiple  pulse- jet  engine  power  unit  for  the  tost  rotor. 


In  view'of  the  limited  funds  available  for  power  plant  develop- 
ment under  the  present  contract,  the  supplementary  development  work 
Indleeted,  very  briefly,  in  the  following  sections  is  deemed  necsssaiT'  to 
insure  that  suitable  power  plants  will  be  developed  for  the  M£-l660  heli- 
copter rotor  system.  It  Should  be  noted  that  this  supplementary  develop- 
ment work  excludes  that  which  is  covered  by  "conqjonent"  development  work 
similar  to  that  being  acoonq)li3hed  under  Contract  No.  AP  33(600)-5860, 
idiich  it  is  assumed  will  be  continued  in  order  to  contribute  to  the  type 
of  power  plant  required  for  this  rotor  systemo 
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2. 1 BatfiC  faglnfli  Development 

Thi  U-'inch  nominal  diaaoter  engine  .daT9Xo]3aient  should 

be  imrsudd  in  oonjenoHon  with  it^  applloai&ion  to  a full  scale  nultiple 
debted  ei^cine  aesemblj  suitable  for  propulsion  of  this  particular  rotor 

' eyatem,  ■ 

5.2.2  Investigation  of  Ducted  Bnaine  Perfomance  Paraaeters 

It  Is  anticipated  that  most  of  the  basic  ducted'  engine  parameters 
affecting  perfoniaacs  can  be  investigated  meat  econoBdcally  ulth  operative 
i^ele  under  a eoaponent  development  programi  however.  It  IS'  further 
anticipated  that  checks  of  these  ijaranetere  ae  well  as  detailed  develop* 
ment  will  be  neeesaaiy  .with  the  full  .scale  engines.  Suet  checks  and 
develi^pasnt  work  are  thsi^fore  reconimended  as  a part  of  the  supplementary 
development  work. 

5.2.3  Structural  Development 

As  with  the  ducted  engine  performance  parameters,  a limited 
amount  of  structural  data  may  be  obtained  from  the  cemoponent  development 
work  with  ducted  models,  however,  a considerable  amount  of  applied 
structu:^  development  of  the  specific  configuration  to  be  used  on  the 
KI*1660  rotor  system  is  anticipaied  sheuid  be  provided  for  in  the  supple- 
mentary development  work. 

5.2.4  Investigation  of  Thrust  Au^entation  Methods 

It  Is  strongly  recossnended  that  thrust  augmentation  methods 
similar  to,  but  not  limited  to,  those  indicated  in  Section  3.1.2  of  this 
report  be  subject  of  further  analysis  and  development  test  Investi- 
gations. 

5.2.5  Investijtatior.  of  Meiheds  of  Reducing  Cold  Drag 

■ Reference  9 shows  the-  importance  of  th*?  cold  drag  parasite  area 
(which  is  the  product  of  cold  drag  coefficient  and  power  plant  frontal 
area)  on  the  autorotational  characteristics  of  the  subject  rotor  system. 

It  is  shown  that  the  cold  drag  coefficient  estimated  in  Paragraph  3 .Id 
together  with  required  frontal  area  of  the  pulse-jet  power  unit  produces 
extremely  high  rates  of  descent.  It  is  r^coramended  that  an  early  ea^eri- 
mental  verification  of  the  cold  drag  >.oeffi5lent  be  obtained  and  if  the 
estimate  is  of  the  right  order  rf  TuagnittdA^  mans  of  sufficiently  re- 
ducing the  deag  coefficient  be  li-.-westigavea.  It  is  shewn  in  Reference  9 
that  a target  drag  coefficient  cf  more  nearly  dO  should  be  realAzed  in 
order  to  botaln  satisfactory  autorotational  performance.  Possible  ways 
of  reducing  the  cold  drag  coeff relent  in.ludc  f=.irir.g  of  the  inlet  to 
shut-off  the  internal  flow  and/cr  fairing  of  ths  exit  in  order  to  reduce 
the  high  drag  associated  with  th*  aercdynami''  base.  Preliminary 

efforts  should  d tovfards  determining  the  gains  -possible  using 

these  fairings  and  if  these  are  r‘--4for.acie , tnen  f'..r then  investigation 
should  be  made  to  determine  the  mschar-.ial  complexity  of  a device  to 
accomplish  this  fairing  automac.i:all;;  .t  u‘-.  .-.ower  plant  shut-off. 
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' ‘ ti  ls  bslisTsd  ihai  i^o  intelligsnt  appliesilon  of  ths  zvi¥  AOdps-^' 

ilssl  podf  1 «m  slfotrlssl  snidogas  t«shhlqjis9.  Already  bsiXkg  dstsXopsd 
tind«r  Conti^t  Af  33(600)-5d6Q  would  ensbla  the  seonoideaX  md  rspld  in« 
Tsstig&tl«i  of  aUungr  problsns  aasoeletsd  with  nultlpls  ducted  puXse-^et 
engiUMs.  fbr  sksii|>Is»  the  problems  sssoeleted  with  noise  control, 
sCQustieid.  eotiqpllng,  effect  of  duOtlng  scoustlce  on  engine^  perfonssncs, 
and  ami^  other- items  could  be  evsluated  qualitatlTely  if  not  quintlta-  . ; 
•tivelj  through  the  use  of  these  techniques  as  applied  to  pulse- Jet  engines; 
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T 


-----  - - - - mmmmm  wwm^m  i»a  » ■■■  ■ m 

£1^ II  i**** 


|sssau;i 
^esrasuisn 


;aac 


*••«•*•••« t 

i?2Kf'5“5*****!*  »«••*•••••  •••••*««»«•••••« 


«»L 

mm 


* Mii0«i  ■••‘•■••Aa*  t.mm  • ««d«a2 


r££££irzzr* ***^ ■ ••***•  ■••••*•»•»  •«•<*■«•••« 

!Hiilll!illi 


sir.!-???*??*  5***  *»«5»  »Bii>iWM0it  t «H 

9f  9 l”f  XI f **!**  •««*«  »•««•*»<««  ■■»••»  (kCVn  nn»2v  ■•• 

- - - 


:mn| 

!s:t2£p" 


■ p‘ 

• •••••  •»••««••»•  •• 
A £ •••••A  taii«i« ■■  ■ ••  ••  •••«a£.9  a •• 

v«aM|  !■«•••§•••  •••■••«•«•  ••••« 


■■  92«rt«i 


m 


»"***■  • •§»••••«••«■••  atfiaa  ••s««sz;««  *««S«  iSSSa  iS5S; 

. '01  ■•»«4  «2«aa  •••>•••«•«  «a2«a  •««•« 


:a!,r;::  

1 ‘ * 5*  ' ’ •••••••■«•  ««• 

im/vn..itu:  iit:i3Mit:::::::::::: 
J5:t5  

i 1:4  i:r 


::::::::3sss 


ligHiilli 


3^  :j;i:a;. 


|U»B3 

mm 


9*m3  M«««  aaaSStaaaa  ••«•••«■■«  •••MS 
••*• ••••■ •■•>■ •••01 ••«••••«•• ••••• m 

**••  •••«•  • ••••  ■ «••«•••«••• 

• ••■•■••»%•••«•■••••  a ■•••a  • __ 

«•••«••••  •»Maa«»a«  ••••■  •••M  i 

•••«  ••«••  ••««••••••  •«••<••••«  ••■•it  «■  « i 

••••«  »aaa«a«MM  • aaaafafava  •«••#  a*.**  ] 
mww  • • ■«  . aava  aaaa*  #•«<•«  aaaaa  a«a«  8 •••••#••••  i i| 

• ■ ■ • • ■ aaa^  • aa««  •Maaa  Baaaaavaaaaavaaaaaaaaa'i  a 

IISZ  ' 2*"  ••S*9'**'*'***fM*a***a**«aa«*afa««i  ^ t 

• •••  . ' aa  -*  • aa  la  aaba  aaaaa  aa«Maa«aa  ••••••■••]  ••••&•••■  li 


■ a • aa 
aa ' • aa 

• mm  • ••  • 
' ••«  ) a*« 

■■  mw  t w • 


__  iiiPilliililliil|ll!|! 
flliaiiiliiijiiiniiiii 

BiliyilffiirJliliili 
iSliriilli 


I aa  • > iHa*a  ■•aaaaa«a*.  aa»— •■■aa  ■<••§ 

• aa  ' < ••«•  •vaaa»a«aa  aaaaaaa«aa  ••■•  a 

-•  •M«MM««*«aa  •••»«••■••  ••••!  •••«• 

• aa  > • a»aia  «lia*a«a*«a  •••••  aaaiaa  aaasa  ••••« 

1 • ■••■  »«am*»aaa  ••••■•••■■  a •■■«  •«vm 

• «•■<•  •••■  ■••••«•«•■  •••aMiaava*  (•■••••#ii 

! Bi:iS;SiS»S:1:H5i2»‘:l3»i;2!n2se 

■ a«M*i 

• •W|«i 

• •••iai 


lulling 


••Ma  •»«•• 


••Ml 


!•••■■•••«••«•• ■••«■•••■ 
•••a ••«•••■»• a #•»•••••• 

s:»:::»3:3K3 


••••a  a ••••  aai 
••••••••  - 


t 


£^|HS[^aUi:||g:gi:U3iqyii^!^^ 
mg»R:H»us3:{Hs:!3:::»3i:3h::»:iuSti 
:rr3r::  :::s:a:: 

• ■••M«i«aa  •••S«a««a  ••■••••••a  i•|•iii5i• 

'•  aaaiMVMiaa ••••••■•••  ••■•••••■a  a aaa •■•«•• 


!S!1IU 

'«•••■•«••  •••■•••»#•  aaaaaaa«H8>ia  aaaaacar'^^.  ^ 
••••••  aaawaiMtaaa  ■aama  •■•••  ••«!••  aa«aa  ■iM«iJu;§ii 

a aaMMaaiBaa  •••• 

II  f aia*  ■•  ••!  #••• 


mm 
111 


«ii«  ••«M'aa#vi  immi  • 0ms  »i  i 

sfiihiSilliiiSHiEsi 


SSSaSIStCSSSSSjli  SSaS  SSSSt  aS 

•aaaaaa  ••■••«■••■  ■••■■••«■•  ii%iji«»»«a 


- _ ••«•••• 
:s:»:n:8: 


sm: 


iiiB'iiil 

“air 

M a a 

r:ii 

•MaaMi  •••  a4Naaaaa»i 

»!«;.:  s»:s 


sis: 

!9S! 


».»»»#:  :ns:ts||t3s»:nsii33iR3 

••••■fiaaa«aaa«aa  aaaMtawaaaa  f •••••■■•d  amisa 


:!!i! 


muttmi  iMiMit tar  hair,  aauparnia 


t!:MK!!s:s:K::ssisfss!:K::«iS!:s*iiMMali.- 

iiHH  oat  iiiii  iisHHii:  aurinS: 
igi 

.^:3ii!aSi«diS*iHi5ilhii! 

In  ! I^ns:::an na::!::: 

igiiHiSgSSainiaigiii 


lliitl 


IS«9|SS  ■••••«••«# 

«•«  ss  t 


W'M 

i;il!il 

lu.  lunta 


mw 


<i:s  :i; 

I •••  ■ 

'la* 

:r; 


«•«««•« 


_ . -- «■«  •••••  •••«•*••••  »«4 

: : ; lat  kk:  :::::  ::a:  :t  s:iR ::  t : in  i : 


I unssn ' ' i :s:i : »» : ::s  iRi:  iBiiiin: iiiH: 
la^Hs;' !!!  .Sits':  IIS  :a:9!Ua:::t:::::::a::aai! 


« ••••«  •• 


IT'  i i i iin  l||j’ 


««W  >M« 

•«•. ••»«««  m »{>•• 

5 

:;!;us9 


liH 


Jilsi 

> I s »M  S sSs  • • SS  8 i 
inaissKiiuii 


I Ks»ss!S!Rs:n«  liuiiiin 

iiiiliilili 


isasag 

^naef 


f All  24 


I >*  111.  ’ HI ' iHnHKt!:»tlSHSiltlll»8SSSii| 

iHi  il  s;  i»i; 

wuifiSiisHfif  *£«il  . <*i>  tyHili  imi  isiii  lisssissn  siiisimi 


iiaasm 


iiiii:::M:Kss:f:.;::al 


2Ef5I^iir«3!0«r< 


vs.b  m.  QkA..]j3iuctre.ti:  pow;ibgL  lb»rr  .act  sop  ft; 


MULTIPLE,  DUCTED, PULSE- JET  ENGINE  ASSEMBLY 


fmnuil  HEil^COfTH  CO,  me.  MUMATTAN  ifEACH,  CALIFORNIA 


^*«f  33 


f=L_OW  fZJKTB.  - PPK 


FUEU  F"L-OW  RA~rg. 


90°  e/f^A</sr  n, 


AMEIItAN  HEUeomU  eO^INC.  MANHATTAN  lEACH.  CALIFORNIA  PAl 


c 0 iJ  F I n 


^ I A'  T 


SQ 


90®  E-XHAU4bT  E.M6<  SIE.  3TAT'\e  TELST3 


siNiejus-  E.MOIN1 


AMERieAN  HELICOfTER  COJNC.  MANHATTAN  lEACH.CALITORNU 


t .'V 


• f 


",i?. 


« d'N  ’ 


F !.  D i U ‘r  I 


k L 


1 


c '§ 

fC. 

NA 

H FI'  i E 

M T 3 1 

L 

PAGE,  49 

, 

Si-CsiR! 


• t '•  -.  ' *’^*“  ■<  4 

< ■'-  • -v>*.<«  I 

- 1 ■ *--  .‘*>1:  - -j  ft 


r,,v 


Figure  32 
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Figure  33 
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